Germline mutations in TP53, a tumor suppressor gene, are involved in the development of Li-Fraumeni syndrome, a rare disorder that predisposes carriers to multiple tumors. TP53 mutations have been associated with resistance to treatment and poor prognosis. A young female with the pathogenic germline TP53 mutation c.844C > T (p.R282W) was diagnosed with two metachronous breast tumors, one HER2-negative and the other HER2-positive. She was later diagnosed with synchronous glioblastoma, epidermal growth factor receptor-mutated lung adenocarcinoma, and HER2-negative breast cancer metastases. The patient was treated with local therapies, including brain surgery and radiotherapy, lung surgery, and a bilateral mastectomy, as well as with targeted systemic treatment. She proved to be highly sensitive to systemic therapy, and 13 years after the initial diagnosis of breast cancer and 6 years after the diagnosis of the two new primary tumors and recurrence of a prior cancer, she is alive with an excellent performance status. This surprising positive evolution may well be partly due to the pronged multidisciplinary approach to managing her disease and her extraordinary response to treatment: the lung adenocarcinoma showed excellent response to erlotinib; the breast cancer responded extremely well to eribulin and pegylated liposomal doxorubicin; and the glioblastoma has remained in response to surgery and radiotherapy. Despite harboring a TP53 mutation and having multiple tumors, this patient has shown an unexpectedly favorable evolution. The coordinated participation of a multidisciplinary team and the patient's own extraordinarily high sensitivity to systemic treatment played a major role in this evolution.
Introduction
Li-Fraumeni syndrome (LFS) is a rare, autosomal dominant, hereditary disorder that predisposes carriers to cancer development. It can affect several members of the same family, including young people and even infants, and leads to multiple primary tumors in the same individual [1] . Unlike other hereditary syndromes that predispose individuals to cancer, which are generally restricted to specific tumor sites, LFS can lead to the development of generally metachronous tumors at different sites. The tumors most frequently associated with LFS are soft tissue sarcomas, osteosarcoma, breast cancer, brain tumors, adrenocortical carcinoma, and leukemia. In 1990, two independent studies reported that germline mutations in TP53, a tumor suppressor gene, were the primary factor involved in the development of LFS [2, 3] . TP53 mutations have been associated with resistance to treatment in some case reports and these patients are more likely to develop radiation-induced secondary malignancies [4, 5] , which complicates disease management. The participation of a multidisciplinary team is crucial in determining the optimal course of treatment for these patients. Here we present the case of a young patient with LFS with several primary tumors and an unexpectedly good response to treatments and clinical outcomes.
Case Report
A 29-year-old female non-smoker had no history of major disease at the time of diagnosis. However, her father had died of lung cancer at the age of 60; her brother had died of astrocytoma at 31 years; her sister had undergone surgery for thymoma at 19 years of age and died at 30 of the spread of that tumor; her paternal aunt was diagnosed with breast cancer at the age of 30; and another paternal aunt had bilateral breast cancer and osteosarcoma. In March 2006, she was diagnosed with a cT2N0M0 right breast cancer carcinoma. In April 2006, the patient underwent a tumorectomy with a sentinel lymph node biopsy. She was diagnosed with grade 2 invasive ductal breast cancer (1.5 cm, estrogen receptor [ER]-and progesterone receptor [PR]-positive [95%], human epidermal growth factor receptor 2 [HER2]-negative). There was no sentinel lymph node involvement (pT1N0) and no distant metastases. After cryopreservation of ovarian tissue, the patient entered the GEICAM 2003.02 clinical trial [6] . She was assigned to the experimental arm and received four cycles of 5-fluorouracil plus adriamycin plus cyclophosphamide (FAC) followed by 8 weeks of paclitaxel. She then received radiotherapy to the right breast and started hormonal therapy with tamoxifen, which was planned to continue for 5 years. Since the patient's age and family history suggested LFS, the patient was referred to the Genetic Counseling Unit of our hospital. An analysis of germline TP53 detected the pathogenic mutation c.844C > T. The analysis was performed in peripheral blood by PCR and Sanger sequencing, where the fraction of the pathogenic variant was approximately 50%. In January 2009, a routine follow-up examination revealed a round, 12 × 13 × 22 mm lump with irregular spiculated margins in some areas, located at the union of the lower quadrants of the left breast and an US-guided fine-needle aspiration biopsy revealed carcinoma. Positron emission tomography (PET) showed no further tumors.
In February 2009, the patient underwent a bilateral subcutaneous mastectomy with an implant of the right nipple-areolar complex and preservation of the left nipple-areolar complex. A biopsy showing sentinel lymph node involvement was followed by a left axillary dissection isolating 11 lymph nodes. Histological analysis identified a second primary breast cancer consistent with a grade 2 invasive ductal breast cancer (1.5 cm, ER-and PR-positive [30%], HER2-positive). Despite sentinel lymph node involvement, no other lymph node involvement was observed. The patient received adjuvant treatment with six cycles of docetaxel/carboplatin/trastuzumab (TCH), followed by maintenance trastuzumab, which continued as planned until April 2010. At the same time, she started hormonal therapy with anastrozole and luteinizing hormone-releasing hormone analogs and continued to be relapse-free.
In February 2012, the patient suffered a generalized tonic-clonic seizure. MRI of the brain revealed a 19-mm tumor in the left occipital lobe that could have been a metastasis or a highgrade glioma. A three-part diagnostic assessment was then performed. First, PET-computed tomography (CT) revealed a mass in the left upper lobe of the lung and bilateral non-characterizable subpleural nodules. Fine-needle aspiration biopsy of the lung tumor identified a primary lung adenocarcinoma with an epidermal growth factor receptor (EGFR) exon 19 deletion. Next, an MRI-assisted, neuronavigation-guided craniotomy with macroscopically complete excision of the left occipital lobe revealed grade 4 glioblastoma multiforme (GBM), without methylation of the O6-methylguanine DNA methyltransferase (MGMT) gene. Finally, a thoracoscopy of the right lung was performed, with resection of the tumor in the right lower lobe and excision of the diaphragmatic pleural nodules. Results showed metastases of the ductal carcinoma of the breast as microscopic (smallest <2 mm) subpleural nodules: cytokeratin 7 (CK7)-positive, ER+++, PR-focally positive, HER2-negative, thyroid transcription factor 1 (TTF1)-negative, and synaptophysin-negative. Faced with two new synchronous primary cancers as well as a recurrence of a prior breast cancer, our multidisciplinary team decided to focus treatment on the tumor with the worst prognosis -GBM -and initiated the standard treatment of radiotherapy plus temozolomide [7] . At the same time, since the patient's breast cancer was hormone-sensitive, without visceral involvement, and with a prolonged progression-free survival, we stopped anastrozole and started treatment with exemestane.
In June 2012, a follow-up thoracic examination revealed lung cancer progression. Since the origin of the progression was not clear, the patient stopped adjuvant temozolomide treatment and, in July 2012, underwent resection of the nodule in the left upper lobe, with biopsies of the pleural and lung tumors. The tumor in the left upper lobe was identified as invasive papillary lung adenocarcinoma (4.4 cm) with visceral pleural invasion and a 1-mm resection margin. The analysis of the biopsies of the pleural and other lung tumors identified metastases of the primary breast cancer (CK7-positive, ER-positive, HER2-negative, TTF1negative) and the patient started treatment with capecitabine.
In January 2013, lytic bone metastases at T11 with epidural spinal cord compression and tumors at T2, T3 and T10 were detected, accompanied by pain. Radiotherapy was administered to T11, the patient started treatment with bisphosphonates, and the chemotherapy regimen was changed to oral vinorelbine. After completing three cycles of vinorelbine, in March 2013, a follow-up examination detected a left mediastinal mass, with lung and bone metastases. A CT-guided fine needle aspiration biopsy of the mediastinal mass showed metastases of the lung adenocarcinoma (ER-negative, TTF1-positive). Treatment was then modified to include radiotherapy (ten sessions at 30 Gy) at T2 concurrent with paclitaxel and gemcitabine for breast cancer and erlotinib for lung cancer. The patient attained a complete response in the mediastinal metastases of the lung adenocarcinoma and a partial response in the lung and bone metastases of the breast cancer. Adverse events included grade 3 rash related to erlotinib and grade 3 chemotherapy induced neurotoxicity that led to discontinuation of paclitaxel in January 2014. In April 2014, the patient complained of pleuritic chest pain and examination revealed the appearance of left-sided pleural effusion and bilateral lung opacities, the largest of which was 4 mm in the left upper lobe (Fig. 1a ). The patient started treatment with eribulin (1.23 mg/m 2 , days 1 and 8, every 21 days) and also continued with erlotinib based on the lasting complete response of the mediastinal metastases. The patient attained a rapid partial response ( Fig. 1b) , which lasted until June 2016. Tolerability was excellent and she was able to continue treatment for a total of 35 cycles with no need for treatment interruption or dose adjustment.
In June 2016, new progression was observed in the lung and bone and the patient stopped treatment with eribulin and started pegylated liposomal doxorubicin. In August 2016, MRI of the brain detected progression of the GBM on surgical scar tissue, which was treated with hypofractionated focal radiotherapy with volumetric modulated arc therapy (5 Gy daily, 25 Gy total dose). The patient attained a partial response. At the time of writing, 13 years after the initial breast cancer diagnosis and 6 years after the diagnosis of synchronous breast cancer recurrence, advanced lung cancer, and GBM, the patient was continuing treatment with pegylated liposomal doxorubicin and erlotinib. The bone, pleura and lung metastases of the breast cancer were stable. The complete response in the primary lung adenocarcinoma was maintained. The GBM continued to have a partial response and was neurologically asymptomatic. The patient had an Eastern Cooperative Oncology Group (ECOG) performance status of 0. Figure 2 shows the evolution of the patient over the course of these years.
Discussion/Conclusion
Patients with LFS generally have more than one primary tumor. In fact, 15-35% of cancer patients with LFS will develop multiple primary tumors over the course of their lives [1, 8] .
In the majority of cases, these tumors are metachronous and often related to radiotherapy administered to previous tumors [4, 5] . Here we have presented the case of a young female patient with LFS who does not fit the typical description of these patients. Our patient had four primary tumors -two primary breast cancers, one GBM, and one lung adenocarcinoma -three of which (two primary cancers as well as recurrence of a prior breast cancer) were synchronous, making disease management more complex and requiring the coordination of a multidisciplinary team to decide on the best course of treatment. The analysis of germline TP53 detected the pathogenic mutation c.844C > T. It was performed in peripheral blood by PCR and Sanger sequencing, where the pathogenic variant fraction was approximately 50%. Weber-Lassalle et al. [9] described three deleterious mutations in TP53 with low variant fractions detected in DNA from peripheral blood that could be attributable to clonal hematopoiesis induced by chemotherapy. The same authors considered that the germline variants showed a pathogenic variant fraction of 50% as it occurred in our patient. The diagnosis of LFS was not questioned at any time due to the positive result of the pathogenic TP53 mutation and the strong correlation with the neoplasms diagnosed in our patient. Also, TP53 mutation is really frequent in most tumors [10] . Consequently, studies of the mutational status in tumor tissue were not performed, but it would have been of interest to evaluate the TP53 mutation and p53 protein expression status in the different tumor samples.
Importantly, we were able to perform several biopsies on this patient, which helped to differentiate between new primary cancers and metastases of a prior tumor. It is of outmost importance to perform biopsies of as many tumors as possible in all cancer patients, but especially in patients with LFS, who are predisposed to multiple primary cancers. Biopsy results can help to detect potential therapeutic targets, which can improve treatment management and ultimately lead to a better prognosis for the patients. In our case, molecular analyses of the biopsy tissue identified HER2 amplification in the second primary breast cancer and a deletion in exon 19 of the EGFR exon 19 in the lung adenocarcinoma.
It has been postulated that prior exposure to chemotherapy can cause alterations in the EGFR or HER2 pathway [11] [12] [13] . Molecular alterations have been previously reported in patients with LFS [14] , including rare HER2 mutations. The combination of TP53 mutations, a hallmark of LFS, together with EGFR mutations has been observed in 19% of lung adenocarcinomas [15] [16] [17] [18] . Our patient showed a high sensitivity to erlotinib, attaining a complete response in her lung adenocarcinoma. In general, the benefit of tyrosine kinase inhibitors, such as erlotinib, in patients with LFS is similar to the obtained benefit in other EGFR-mutated lung cancer patients, with a progression-free survival time of approximately 1 year. At the time of writing, however, our patient had remained progression-free for longer than expected (72 months).
As previously mentioned, the TPP53 mutation detected by PCR and Sanger sequencing was c.8444C > T, a missense mutation that causes a change of the amino acid arginine to tryptophan at position 282 (p.R282W). This mutation has been reported in the IARC TP53 mutation database and in LOVD (Leiden Open Variation Database) as a pathogenic mutation. Given the death of the majority of the relatives, only a cosegregation study could be carried out in their two sisters. One was healthy and did not carry the mutation, and the second, affected by a malignant thymoma, carried the same mutation detected in our patient. A healthy paternal cousin was also studied and turned out not to be a carrier of the mutation. The IARC TP53 mutation database collects a large number of mutations in TP53, both somatic and germinal. Missense germ variants are the most frequent (73%) and many of them have been described as pathogenic [19] . TP53 has a tumor suppressor function that can be activated by several cellular stresses, including DNA damage, and maintains genetic stability through different cellular functions including apoptosis and cell-cycle arrest. TP53 mutations cause not only the loss of their suppressor function acquiring a dominant negative activity, but also a gain in oncogenic properties that are independent of the function of the wild-type gene. Missense mutations promote tumorigenesis through mechanisms that interrupt response pathways to DNA damage [20] . The R282W mutant is associated with an earlier onset of familial cancers and poorer outcomes of cancer patients. Studies in non-small-cell cancer patients and chronic myelocytic leukemia patients also attested to its undesirable influence on the development and progression of cancer [21] . To some extent, the R282W loses some wild-type p53 tumor-suppressive activity. On the other hand, it may acquire oncogenic functions to regulate phenotypes such as cell growth, migration, invasion, metastasis, genomic instability and chemoresistance [22] [23] [24] . Our patient was diagnosed at an early age, as expected, but her survival has been better than expected, probably as a consequence of the excellent responses she has presented to different treatments. TP53 mutations are generally associated with a poor response to chemotherapy, hormonal therapy and radiotherapy in breast cancer patients. However, the predictive value of TP53 mutations is controversial [25] . Reactivation of tumors with altered TP53 can induce programmed cell death or senescence [26] . To the best of our knowledge, there have been no reports of an association between TP53 mutations and eribulin sensitivity. TP53 can influence sensitivity to antimicrotubules, such as eribulin, by regulating their composition and dynamics, suggesting that TP53 may not only be the guardian of the genome, but also the guardian of the cytoskeleton [27] . Our patient attained an extraordinarily rapid and long-lasting response of 26 months to eribulin, despite the fact that this was her fifth line of treatment for advanced disease and her fourth line of chemotherapy after prior progression to capecitabine, vinorelbine, and paclitaxel/ gemcitabine. The potential association between TP53 and paclitaxel sensitivity is not clear. Studies in cell lines have had diverse results, while the predictive value of TP53 in patients has not been demonstrated [28, 29] . Our patient responded well to paclitaxel, although treatment had to be stopped due to neurotoxicity. Since eribulin acts more selectively than vinorelbine, attaining a greater antitumor effect with smaller doses, we can speculate that the synergy between a chemotherapeutic agent and an antimicrotubule may depend on their specific mechanisms of action. Our patient also attained stable disease in her lung and bone metastases with pegylated liposomal doxorubicin. Moreover, her long progression-free survival of 26 months seems to belie the chemoresistance described in tumors with TP53 mutations [30] . Our patient also had an excellent evolution of her GBM, with a 6.5-year progression-free survival, which far exceeds the median overall survival of 13 months in patients with >98% resection of the tumor [31] . According to the pivotal clinical trial results [7] that established the standard treatment, the median overall survival in patients with GBM receiving this treatment was 14.6 months. It is likely that the therapeutic arsenal used to treat the lung and breast cancers also impacted the evolution of the GBM. Several studies have examined the effect of EGFR tyrosine kinase inhibitors on GBM but with varying conclusions as to their efficacy [32] [33] [34] [35] . Eribulin has shown antitumor activity in mouse models of GBM [36] , but has not been tested in the clinical setting. We can speculate that chemosensitivity may increase in brain cancers as a result of damage to the blood-brain barrier by surgery and radiotherapy. We can also hypothesize that the excellent response of our patient may have been due to microvasculature remodeling and its anti-angiogenic effect, which is crucial in the development of GBM [37] . Finally, data in glioma cell lines indicate an association between the absence of functional TP53 and increased temozolomide sensitivity [38] .
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